The coronary haemodynamic effects of nifedipine and glyceryl trinitrate were compared in 22 patients undergoing investigations for suspected coronary artery disease. Myocardial blood flow was estimated by the coronary sinus thermodilution technique.
SUMMARY The coronary haemodynamic effects of nifedipine and glyceryl trinitrate were compared in 22 patients undergoing investigations for suspected coronary artery disease. Myocardial blood flow was estimated by the coronary sinus thermodilution technique. In sinus rhythm nifedipine increased mean coronary sinus flow from 135 ml/min to 152 m/min, and reduced arterio-coronary sinus oxygen difference from 12*4 to 10-96 ml/100 ml without causing a significant change in coronary vascular resistance or in myocardial oxygen consumption. Glyceryl trinitrate reduced mean coronary sinus flow from 165 to 111 , mi/ ,myocardial oxygen consumption from 19 2 to 11 9 ml/min, and arterio-coronary sinus oxygen difference from 11-7 to 10*9 ml/100 ml. There was a rise in coronary vascular resistance from 54 355 to 74 364 dynes s cm-5.
During atrial pacing nifedipine reduced the arterio-coronary sinus oxygen difference from 11-99 to 11 0 ml/100 ml but had no significant effect on the other variables measured. Glyceryl trinitrate caused a fall in mean coronary sinus flow from 207 ml/min to 168 ml/mmn; myocardial oxygen consumption fell from 24 mi/mm to 18 mlmin, while coronary vascular resistance rose from 41 714 to 51 234 dynes s cm-5. Direct comparison of the two drugs showed a significant difference in effects on coronary sinus flow and coronary vascular resistance in sinus rhythm. Both drugs appeared effective in relieving ischaemia as judged by a reduction of the incidence of pacing induced angina and an improvement in lactate status.
Nifedipine is a calcium antagonist which is widely used in the treatment of both exercise induced'-3 and spontaneous4 angina. It reduces smooth muscle tone in coronary and peripheral resistance vessels5-7 and promotes collateral flow to the ischaemic myocardium.8 It also exerts a negative inotropic effect in vitro,9 10 which may account for the occasional deterioration when the drug is given to patients with heart failure or aortic stenosis, or to those who are on beta blocking agents.I 1-16 The precise mechanism of its antianginal action has, however, not been defined conclusively.'7 This study was performed to assess the coronary haemodynamic effects of nifedipine at rest and during haemodynamic stress, both by atrial pacing, and to compare its actions with the established antianginal agent, glyceryl trinitrate. *Supported by a grant from Bayer (UK). tPresent address: Regional Cardiac Unit, Papworth Hospital, Nr Cambridge.
Accepted for publication 1 February 1983 Patients and method Twenty-two patients undergoing investigation for chest pain were studied at the time of cardiac catheterisation. Coronary arteriography and left ventriculography were performed by the Sones' technique from the right arm. At the end of the diagnostic procedure, a Ganz coronary sinus flow dilution catheter was advanced to the coronary sinus from a right antecubital vein. The arterial catheter used during the diagnostic procedure was left in the root of the aorta. Blood samples were taken via these two catheters.
Standard lead II of the electrocardiogram was recorded. Systemic arterial pressure was recorded using a Bell and Howell transducer with a Mingograph 82 recorder.
Coronary sinus flow was recorded by the Ganz technique,"8 the "down-stream" thermistor being placed close to the orifice of the coronary sinus and its position being ascertained by a small injection of contrast medium before each flow estimation. The Ganz 442 Coronary haemodynamic effects of nifedipine catheter was used for the collection of coronary sinus blood samples and for atrial pacing. Blood oxygen contents were measured spectrophotometrically (IL CO oximeter). Blood lactates were measured by an enzymatic technique. Coronary sinus and arterial samples were taken simultaneously.
Measurements began 30 minutes after the diagnostic procedure. Heart rate, systemic arterial pressure, and coronary sinus flow were recorded. Coronary sinus and arterial blood were taken for lactate and oxygen content estimation. The heart rate was then increased by atrial pacing at increments of 10 beats a minute until a rate of approximately 30 beats a minute above sinus rate was reached (stage I). Measurements of arterial blood pressure and coronary sinus flow were repeated. Blood samples were taken to determine oxygen content. For those patients with obstructive coronary lesions the pacing rate was then increased at increments of 10 beats per minute until angina was induced, when blood samples were taken for lactate estimations (stage II). Pacing was then terminated. Then 20 mg sublingual nifedipine or 0-5 mg sublingual glyceryl trinitrate, randomly selected, were administered. Resting heart rate, blood pressure, and coronary sinus flow measurements were repeated after 10 minutes for glyceryl trinitrate and after 20 minutes for nifedipine. Heart rate was then increased by pacing to stage I and stage II levels where measurements were repeated.
DERIVED VARIABLES
Coronary sinus flow (CSF) TM -TI X K X (mi/min) TB -TM TM = temperature of mixture of blood and injectate,OC T= temperature of injectate,°C TB = temperature of the blood,°C K = a constant = 1-08 Q= rate of infusion of the injectate (35 ml/min).
Myocardial oxygen consumption (MVO)2 = CSF x AV oxygen difference (m/min) where AV oxygen difference (ml/100 ml) = coronary arteriovenous oxygen difference.
Coronary vascular resistance (dynes s cm-5) = mean system arterial pressuremean coronary sinus pressure x 80 mean coronary sinus flow Statistical analysis was by paired Student's t test.
Results
Twelve patients received nifedipine and 10 glyceryl trinitrate, seven patients in each of these groups hay-ing obstructive coronary lesions. The results are expressed as mean ± standard error of the mean.
HEART RATE
Both nifedipine and glyceryl trinitrate had a significant effect on heart rate in sinus rhythm. Mean heart rate rose from 71t2-8 bpm at rest to 76*33t2.6 after nifedipine (p<0-02) and from 71-5t2-6 to 76.7t3*3 after glyceryl trinitrate (p<0.01).
SYSTEMIC ARTERIAL PRESSURE
There was no significant change in arterial pressure in sinus rhythm after nifedipine. During pacing at stage I mean arterial pressure fell from 99-75t3-6 to 91.5t3-6 (p<0.01) after drug administration. Glyceryl trinitrate reduced mean arterial blood pressure from 97-3t4-1 to 93-8+3-9 mmHg in sinus rhythm and from 102*8t4*9 to 98*5t3*7 mmHg during atrial pacing at stage I, but neither of these changes was significant.
CORONARY HAEMODYNAMICS

Sinus rhythm
Mean coronary sinus flow rose after nifedipine from 135±14 m/min to 152±19 m/min (NS) (Fig. 1 ).
There was little change in myocardial oxygen consumption, the mean value being 16-6t18 mlmin Mean coronary sinus flow fell from 165±20 97 mVmin before glyceryl trinitrate to 111 ± 14.0 ml/min after this drug (p<0*01). Myocardial oxygen consumption fell from 19 2±2*6 ml/min to 11 9±1*7 ml/min (p<0-005). Mean arteriocoronary sinus oxygen difference fell from 11*7±6*39 mlV100 ml to 1086±0*54, a change that was not significant. Coronary vascular resistance rose from 54 355 ± 7490 dynes s cm-5 to 74 364± 10 145 (p<0*05).
When a direct comparison of the percentage change induced by the two drugs on these variables was made, significant differences were found only in coronary sinus flow (p<0001) and coronary vascular resistance (p<0.005).
Atnial pacing (stage I)
The effect of the two drugs on these variables during rapid atrial pacing is shown in Fig. 2 .
After nifedipine coronary sinus flow fell from a mean of 167±12*33 m/min to a mean of 159±20*9 Mean coronary sinus flow fell from 207±21*5 ml/ min to 168±19*2 mlmir. (p<0*025) after glyceryl trinitrate. This was paralleled by a fall in myocardial oxygen consumption from a mean of 24±2*8 ml/min before the drug to a mean of 18±2*2 ml/min afterwards (p<0.05). There was no significant change in arterio-coronary sinus oxygen difference after glyceryl trinitrate (mean 11*36±0*52 ml/100 ml before the drug, 1069±0*48 afterwards). Coronary vascular resistance rose after glyceryl trinitrate from 41 714±4819 to 51 234±5926 dynes s cm-5 (p<005).
There was no significant difference in any variable at this pacing level when percentage change induced by the two drugs was directly compared. Pacing induced angina (stage II) All 14 patients with significant coronary artery disease developed angina on rapid atrial pacing before drug administration. At pacing to the same rate after drug administration no patients who received glyceryl trinitrate developed chest pain and of the seven patients who received nifedipine two still developed chest pain.
Lactate estimations
An objective estimate of the effect of the drugs on myocardial ischaemia was provided by analysis of lactate levels in the arterial and coronary sinus blood.
These results concern only those patients with obstructive coronary disease on whom technically satisfactory estimates were made (five for glyceryl trinitrate and six for nifedipine). Mean arterial coronary sinus lactate difference was +0*21±0*51 mmol/I before glyceryl trinitrate and -0-17±0-35 mmol/l afterwards. For nifedipine the arterial coronary sinus lactate difference was -0*03+0.2 mmoIIl before the drug and -0*35±0*7 afterwards. The arterial lactate levels were 1-4±0.5 before glyceryl trinitrate and 1*4±0.4 afterwards and 0-91±0-3 mmolI before nifedipine and 1*25±0.5 mmol/l after this drug. The more negative values after drug administration may indicate an improvement in lactate status. RAP I m ± SEM Fig. 2 Coronary haemodynamics during rapid atrial pacing (stage I). CSF, coronary sinusoflow; MVO, myocardial oxygen consumption; GTN, glyceryl trinitrate; RAP, rapid atrial pacing (stage I); A-CS 02 difference, arterio-coronary sinus oxygen difference.
Discussion
Nifedipine and glyceryl trinitrate are both effective in relieving exercise inducedl- 3 19 and spontaneous4 20 angina. Glyceryl trinitrate has a major effect on venous capacitance vessels,2' causing a fall in venous Coronary haemodynamic effects of nifedipine return with a consequent drop in cardiac output and systemic arterial pressure. In this study we noted changes consistent with this action. There was a small fall in blood pressure both at rest, despite an increase in heart rate, and during atrial pacing. There was no change in systemic arterial pressure at rest after nifedipine but when the heart rate was fixed by atrial pacing a significant fall occurred. This could reflect the drug's cardiodepressant action or more likely its known action as a peripheral arteriolar vasodilator. 22 We concentrated on the coronary haemodynamics of both drugs using the coronary sinus flow technique originally developed by Ganz. 18 Normally myocardial blood flow is controlled by an autoregulatory mechanism responsive to local metabolites.23 Fluctuations in myocardial oxygen demand are associated with changes in myocardial blood flow but not in oxygen extraction.24 A drug that has a direct coronary vasodilator or vasoconstrictor action may, however, override this autoregulatory mechanism and reduce oxygen extraction. Stephens et al.,25 for example, have shown that sodium nitroprusside has a coronary vasodilator action only when oxygen consumption is held constant.
The two drugs considered in the present study had distinctly different effects on coronary haemodynamics. The predominant effect of glyceryl trinitrate was an overall reduction in myocardial oxygen consumption, presumably caused by its peripheral haemodynamic actions. This in turn leads to a significant fall in coronary sinus flow and a pronounced increase in coronary vascular resistance. Coronary arteriovenous oxygen difference did not alter significantly, which would suggest that under the circumstances of this study, glyceryl trinitrate did not have a coronary vasodilating action. Nifedipine, on the other hand, did not significantly alter myocardial oxygen consumption, coronary sinus flow, or coronary vascular resistance. It did, however, produce a significant fall in coronary arteriovenous oxygen difference, both in sinus rhythm and during atrial pacing, which points towards a direct coronary vasodilating action. Direct comparisons of the effects of the two drugs showed a significant difference in coronary sinus flow and coronary vascular resistance in sinus rhythm. These results suggest differing mechanisms of action for the two drugs, with nifedipine acting as a systemic and coronary arterial vasodilating agent while the effects of glyceryl trinitrate are predominantly venous. Similar results have been obtained by Gourgon et al. 7 Previous investigators have found that primary coronary vasodilators may increase myocardial ischaemia caused by a coronary "steal" effect26 27 and that the extremely potent vasodilator dipyridamole could produce a detrimental effect on poststenotic 445 flow in chronically underperfused areas of the myocardium. In this investigation both drugs relieved pacing induced angina, and analysis of lactate levels suggested an improvement in ischaemic status. These findings imply, though not conclusively, that an important coronary "steal" effect does not occur with nifedipine. Failure to show a significant difference between glyceryl trinitrate and nifedipine in terms of arterio-coronary sinus oxygen difference suggests that the vasodilator effect of nifedipine is not of such a degree that it would rival dipyridamole. These findings are supported by the work of Lichtlen et al.28 who showed, by using a Xenon washout technique, that dipyridamole might reduce flow distal to coronary stenosis whereas nifedipine increased it, and Engel et al.22 who had shown an increase in blood flow to ischaemic myocardium after nifedipine resulting in a reduction of inhomogeneity of flow between normal and ischaemic areas.
In summary, these results suggest differing actions for glyceryl trinitrate and nifedipine, with the latter having a primary coronary vao0dilator action which is not of a sufficient degree to promote a coronary "steal" phenomenon.
